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(57) ABSTRACT
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a mobile terminal (200) and a plurality of access nodes
(100-1, 100-2), a combined signal quality value is calculated
on the basis of a first individual signal quality value (Q1) of
a communication link between a first access node (100-1),
e.g. a serving base station, and the terminal (200), and a
second individual signal quality value (Q2) of a second
communication link between a second access node (100-2),
e.g. a supporting base station, and the terminal (200). On the
basis of the combined signal quality value, a transmission
parameter (50) for future cooperative transmissions is
adapted. The transmission parameter (50) may be a modu-
lation scheme, a coding scheme, a transmit power, or a
resource allocation.
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TRANSMISSION PARAMETER ADAPTATION
IN COOPERATIVE SIGNAL
COMMUNICATION

TECHNICAL FIELD

The present invention relates to techniques for transmis-
sion parameter adaptation in cooperative signal transmis-
sion.

BACKGROUND

Cellular systems in general suffer from co-channel inter-
ference. For example, simultaneous transmissions may use
the same physical resources and thus generate mutual inter-
ference. This co-channel interference reduces the signal
quality, which may be measured as signal to interference
plus noise ratio (SINR). The reduced signal quality in turn
reduces the system capacity.

Future wireless networks, e.g. 3" Generation Partnership
Project Long Term Evolution 3GPP LTE) and 3GPP LTE
Advanced, with a more dense deployment of access nodes,
e.g. base stations (BSs), or with a higher density of users will
most probably remain interference-limited.

There exist proposals to use an approach of cooperative
signal communication, e.g. in 3GPP LTE Advanced which
refers thereto as cooperative multipoint transmission and
reception (COMP). In this approach, receive (Rx) signals are
collected from a plurality of BSs for implementing uplink
(UL) cooperation, and transmit (Tx) signals are transmitted
from a plurality of BSs for implementing downlink (DL)
cooperation.

In UL cooperation, several receiving access nodes, e.g.,
base stations (BSs) or remote radio heads (RRHs), receive a
signal from a mobile terminal, also referred to as user
equipment (UE), thereby obtaining multiple Rx signals from
the terminal. The Rx signals are then communicated
between access nodes and jointly processed, e.g. at a central
node or at a serving BS.

In DL cooperation, a central node or a serving BS
distributes a Tx signal to several transmitting access nodes,
e.g. BSs or RRHs. The transmitting access nodes jointly
transmit the signal to the terminal.

In both cooperation scenarios, signals may be processed,
i.e. by joint reception in UL or joint pre-coding in DL, at a
central node or at a serving access node so that co-channel
interference is mitigated. Furthermore, the cooperative sig-
nal reception or transmission may increase the carrier signal
strength.

Cooperation between access nodes allows for increasing
the Rx signal quality, in UL cooperation at one of the access
nodes and in DL cooperation at the terminal, and capacity of
an access link between the terminal and the access nodes.

Soft handover techniques considered in 3GPP for UMTS
(Universal Mobile Telecommunications System) Terrestrial
Radio Access (UTRA) can be considered as a type of UL
cooperation between access nodes. In these soft handover
techniques, the signal transmitted by the terminal is received
in multiple cells, also referred to as active set, thereby
obtaining multiple Rx signals. The multiple Rx signals are
then combined in a central node, referred to as Radio
Network Controller (RNC), according to selection combin-
ing.

Further, several adaptation techniques are known, which
may be used to address issues like quickly varying channel
conditions and interference level. For example, it is known
to adapt a Modulation and Coding Scheme (MCS), to adapt
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the Tx power, or to change the resource allocation in time
and frequency domain. Such adaptation techniques may be
implemented, e.g. in a serving BS. However, these known
adaptation techniques do not take into account cooperative
signal communication scenarios.

For example, the parameters for an UL transmission like
MCS, Tx power or resource allocation may be selected
based on an Rx signal quality value of a communication link
between a terminal and its serving BS. Cooperative signal
communication increases the UL Rx signal quality by lever-
aging the multiple channels from the terminal to a plurality
of BSs. The improved cooperative Rx signal quality will
thus not be taken into account when adapting the parameters
for UL transmission. Further, the type of cooperative signal
communication may vary frequently. As a result, the coop-
erative Rx signal quality varies frequently depending on the
type of cooperative signal communication. By simply con-
sidering the last signal quality measurement or an average
over the last measurements, it is therefore not possible to
quantify the future cooperative Rx signal quality and to use
it for adaptation. Consequently, the potential of cooperative
signal communication will not be fully exploited.

Accordingly, there is a need for techniques that overcome
the aforementioned problems and allow for efficiently uti-
lizing cooperative signal communication in a communica-
tion network.

SUMMARY

It is an object of the present invention to meet the above
need. This is achieved by methods and devices according to
the independent claims. The dependent claims define further
embodiments of the invention.

According to an aspect of the invention, a method of
cooperative signal communication is provided. According to
the method, a signal quality value is calculated on the basis
of a first individual signal quality value of a first commu-
nication link between a first access node and a mobile
terminal and on the basis of a second individual signal
quality value of a second communication link between a
second access node and the mobile terminal. On the basis of
the calculated signal quality value, a transmission parameter
is set. The transmission parameter is to be used for coop-
erative communication of a signal between the mobile
terminal and the first and second access nodes.

According to a further aspect of the invention, a computer
program to be executed by a processor of an access node is
provided. The computer program comprises code adapted to
execute the steps of the above method.

According to a further aspect of the invention, a device is
provided. The device comprises a processor. The processor
is configured to calculate a signal quality value on the basis
of a first individual signal quality value of a first commu-
nication link between a first access node and a mobile
terminal and on the basis of a second individual signal
quality value of a second communication link between a
second access node and the mobile terminal. In addition, the
processor is configured to set, on the basis of the calculated
signal quality value, a transmission parameter to be used for
cooperative communication of a signal between the mobile
terminal and the first and second access nodes.

According to a further aspect of the invention, a network
system is provided. The network system comprises a first
access node and a second access node. The first access node
comprises a wireless interface configured to communicate a
signal with a mobile terminal on a first communication link.
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The second access node comprises a wireless interface
configured to communicate the signal with the mobile
terminal on a second communication link. The first access
node further comprises a processor. The processor is con-
figured to calculate a signal quality value on the basis of a
first individual signal quality value of the first communica-
tion link and on the basis of a second individual signal
quality value of the second communication link. In addition
the processor is configured to set, on the basis of the
calculated signal quality value, a transmission parameter to
be used for cooperative communication of a signal between
the mobile terminal and the first and second access nodes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a communication network
environment in which concepts according to embodiments
of the present invention can be applied.

FIG. 2 schematically illustrates an implementation of
devices in a communication network according to an
embodiment of the invention.

FIG. 3 schematically illustrates components in devices
according to embodiments of the invention.

FIG. 4 schematically illustrates components in devices
according to further embodiments of the invention.

FIG. 5 schematically illustrates a process of UL coopera-
tion according to an embodiment of the invention.

FIG. 6 schematically illustrates a process of transmission
parameter adaptation in the process of FIG. 6.

FIG. 7 schematically illustrates a process of DL coopera-
tion according to an embodiment of the invention.

FIG. 8 schematically illustrates a process of transmission
parameter adaptation in the process of FIG. 8.

FIG. 9 schematically illustrates components in devices
according to further embodiments of the invention.

FIG. 10 shows an example of a look-up table to be used
in transmission parameter adaptation according to an
embodiment of the invention.

FIG. 11 shows a further example of a look-up table to be
used in transmission parameter adaptation according to an
embodiment of the invention.

FIG. 12 shows a flowchart for illustrating a method
according to an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following, the invention will be explained in more
detail by referring to exemplary embodiments which relate
to methods, devices and computer programs for cooperative
signal transmission.

According to these embodiments, concepts are proposed
which allow to efficiently use transmission parameter adap-
tation in connection with cooperative signal communication.
According to some embodiments, a serving access node, e.g.
a serving BS or a section of a serving BS, may accurately
take into consideration the increased Rx signal quality due
to cooperation when setting a transmission parameter, such
as modulation scheme, a coding scheme, a Tx power, and/or
a resource allocation in the frequency domain and/or in the
time domain. The transmission parameter or parameters may
then be used for the next cooperative signal transmission,
which may be in the UL direction or in the DL direction.
Using these concepts, a target quality of service, e.g. char-
acterized by a target residual block error value, can be met
with more aggressive transmission parameters, which in turn
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4

may be utilized to obtain a higher throughput in a cell of the
serving access node and a lower interference to adjacent
cells.

For example, selecting a robust modulation scheme and/
or coding scheme, or selecting a high Tx power may help to
cope with unfavorable channel conditions. In other situa-
tions, e.g. in the case of good channel quality, a more
aggressive modulation scheme and/or coding scheme may
improve the achieved data rate or may be used to ensure the
same quality of service with a reduced Tx power. Further, in
some systems with flexible frequency resource allocation,
e.g. systems according to 3GPP LTE, the individual signal
quality values may be obtained in a frequency-dependent
manner, e.g. by obtaining the individual signal quality
values for different parts of the system bandwidth. It is then
possible to schedule a transmission to or from a terminal in
a frequency part where good combined channel conditions
are experienced, or to avoid the frequency parts with unfa-
vorable combined channel conditions.

An access node can be embodied in a BS or a section of
a BS. Further, an access node may also be an e-Node-B
(eNB). A section of a BS may be regarded as a unit to cover
a cell area of a cellular radio frequency (RF) communication
network. Such a unit typically comprises one or more
antennas, RF-parts such as filters and power-amplifiers or
low-noise amplifiers, and signal processing means. Coop-
erative signal communication may be achieved via at least
two access nodes, e.g. a first BS and a second BS and/or a
first section of a first BS and a second section of the same
BS or of a second BS. BS-to-BS-cooperation may be also
denoted as inter-base-station cooperation or inter-eNB coop-
eration and section-to-section-cooperation of the same BS
also as intra-base-station cooperation or intra-eNB coopera-
tion.

In the description of the following embodiments, the
terms “access node” and “base station” are used in a
synonymous manner. This has been done for legibility and
illustrative reasons and is not meant to exclude section-to-
section cooperation, be it with the same or between different
base stations, from being applicable to the following
embodiments.

According to some embodiments, UL cooperation of
access nodes is implemented. In UL cooperation, an access
node, e.g. a BS or a section of a BS, receives a UL signal
from a terminal and may also pre-process the UL signal. The
received UL signal is communicated to a central node and/or
to another access node, e.g. a serving BS of the terminal or
another section of the same BS, for joint detection and/or
joint decoding. In this process, the UL signal may be
communicated as samples in the time domain, as In-Phase/
Quadrature (IQ) samples in the frequency domain, as soft
values of coded or uncoded bits, or as coded or uncoded bits,
i.e. hard bits.

According to some embodiments, DL cooperation of
access nodes is implemented. In DL cooperation, a central
node or an access node, e.g. a serving BS or a section of a
BS, pre-processes data intended for a terminal, thereby
generating a DL signal to be transmitted to the terminal. The
DL signal is communicated to one or more further access
nodes, e.g. supporting BSs or other sections of the same BS,
to be cooperatively transmitted to the terminal. In this
process, the DL signal may be communicated as samples in
the time domain, or as IQ samples in the frequency domain.

According to some embodiments, UL cooperation and DL
cooperation may be combined.

In the following, embodiments of the present invention
will be explained in more detail by referring to the accom-
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panying drawings. FIG. 1 shows a mobile communication
network environment, in which concepts according to
embodiments of the present invention may be applied. For
example, the mobile communication network environment
may be an LTE network. The mobile communication net-
work environment comprises a plurality of access nodes
100-1, 100-2, 100-3 and a mobile terminal 200. In the
following, it will be assumed that the access nodes 100-1,
100-2, 100-3 are BSs of the communication network. How-
ever, it is to be understood that the concepts described herein
could also be applied to other types of access nodes, e.g. to
different sections of the same BS. The terminal 200 may be
a mobile phone, a portable computer or other type of UE. In
the following the terminal will thus also be referred to as UE.

The BSs 100-1, 100-2, 100-3 may cooperatively commu-
nicate with the terminal 200 by transmitting, i.e. sending or
receiving, a signal 10 on different communication paths, i.e.
a first wireless communication link between the BS 100-1
and the terminal 200, a second wireless communication link
between the BS 100-2 and the terminal 200, and a third
wireless communication link between the BS 100-3 and the
terminal 200. One of the BSs, e.g. the BS 100-1, may be a
serving BS, and the other BSs, e.g. the BSs 100-2, 100-3,
may be supporting BSs.

Cooperative reception of the signal 10 by at least two of
the BSs 100-1, 100-2, 100-3 may also be referred to as UL
cooperation, whereas cooperative transmission of the signal
10 from at least two of the BSs 100-1, 100-2, 100-3 may also
be referred to as DL cooperation.

For cooperative reception of the signal 10, the BSs 100-1,
100-2, 100-3 exchange information concerning individual
Rx signals from the terminal 200, e.g. the supporting BS
100-2 may communicate information relating to the Rx
signal from the terminal 200 to the serving BS 100-1, and the
supporting BS 100-3 may communicate information relating
to the Rx signal from the terminal 200 to the serving BS
100-1. For this purpose, the BSs 100-1, 100-2, 100-3
exchange cooperation signals 20, e.g. on a transport link,
sometimes also referred to as backhaul.

For cooperative transmission of the signal 10, the BSs
100-1, 100-2, 100-3 exchange information concerning Tx
signals intended for the terminal 200, e.g. the serving BS
100-1 may communicate information relating to the Tx
signal for the terminal 200 to the supporting BS 100-2 and
to the supporting BS 100-3. Again, this is accomplished by
the BSs 100-1, 100-2, 100-3 exchanging cooperation signals
20. The serving base station 100-1 and the supporting base
stations 100-2, 100-3 may then jointly transmit the Tx signal
to the terminal 200.

Different types of cooperation signals 20 can be
exchanged. In the case of UL cooperation, an Rx signal
received by the supporting BS 100-2, 100-3 may be com-
municated to the serving BS 100-1, e.g. in the form of
complex baseband signals, e.g. IQ samples which optionally
may be compressed, or residual complex baseband signals
where already detected streams are cancelled out. The Rx
signals may also be communicated in the form of coded or
uncoded bits or as soft values of coded or uncoded bits, in
each case either compressed or uncompressed. Soft values of
coded bits may be generated by a demodulator of the
supporting BS 100-2, 100-3. Soft values of uncoded bits
may be generated in a convolutional decoder of a turbo
decoder in the supporting BS 100-2, 100-3. In the case of DL
cooperation, a Tx signal to be transmitted to the terminal 200
can be communicated from the serving BS 100-1 to the
supporting BSs 100-2, 100-3, e.g. in the form of a complex
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baseband signal, e.g. 1Q samples or time-domain samples
which optionally may be compressed.

It is to be understood that an arbitrary number of BSs
could participate in the cooperative signal communication.
For example, there could be only one supporting BS or there
could be two, three, four or more supporting BSs. Further,
the BSs 100-1, 100-2, 100-3, and the terminal may operate
in a cooperative mode, in which the signal 10 is coopera-
tively communicated on the communication path between
the terminal 200 and the serving BS 100-1 and on at least
one further communication path between the terminal 200
and respective supporting BSs 100-2, 100-3, or in non-
cooperative mode, in which the signal 10 is communicated
between the terminal 200 and only the serving BS 100-1. In
UL cooperation, the cooperative mode may also be referred
to as cooperative point-to-multipoint (co-PTM) mode. In DL,
cooperation, the cooperative mode may also be referred to as
cooperative multipoint-to-point (co-MTP) mode.

FIG. 2 schematically illustrates an exemplary implemen-
tation of devices according to an embodiment of the inven-
tion which relates to cooperation of access nodes with
distributed control. The access nodes may be BSs or other
types of access nodes, e.g. different sections of the same BS.
Further, FIG. 2 also illustrates communication between
these devices. In FIG. 2, elements which are similar to those
of FIG. 1 have been designated with the same reference
signs. Additional information concerning these elements can
thus be obtained from the above explanations in connection
with FIG. 1.

In FIG. 2, a serving access node 100-1, e.g. a serving BS,
a supporting access node 100-2, e.g. a supporting BS, and a
terminal or UE 200 are depicted. In the following, the
serving access node 100-1 may also be referred to as first
access node or first BS, and the supporting access node
100-2 may also be referred to as second access node or
second BS. The supporting access node 100-2 may have
been selected for a cooperation with the serving access node
100-1 so as to improve or optimize the signal reception or
transmission with respect to the terminal 200, e.g. according
to one or more selection criteria.

For illustrative reasons, further one or more possible
supporting access nodes, which may be selected or not, or
further one or more access nodes that do not qualify at all for
support, e.g. because there exists no link between the serving
access node and these one or more further access nodes, are
not depicted. Further possible terminals which could be
associated to the access nodes 100-1, 100-2 or to any further
access node are not depicted as well.

Further, it should be noted that an access node, e.g. one of
the access nodes 100-1, 100-2, can be a serving access node
for a particular terminal while it is a supporting access node
for another terminal. If the terminal moves and a further
access node takes over the role of the serving access node,
the previous serving access node may take over the role of
a supporting node or may not be considered anymore for
cooperation.

The individual devices 100-1, 100-2, 200 each comprise
one or more sub-units with a sub-unit starting with T
denoting a transmission unit or transmitter, a sub-unit start-
ing with R denoting a receiving unit or receiver, a sub-unit
starting with P denoting a processing unit or processor, and
a sub-unit starting with S denoting a storage unit or memory.

The terminal 200 comprises a transmission unit T31 for
sending a signal 10-1 to the serving access node 100-1 and
a signal 10-2 to the supporting access node 100-2. In
practice, the signals 10-1 and 10-2 are typically transmitted
by the terminal 200, i.e. the transmission unit T31, as one Tx
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signal only. Further, the terminal comprises a receiving unit
R31 for receiving an Rx signal 12, e.g. from the serving
access node 100-1 or from the supporting access node 100-2
as illustrated by the dashed arrows.

Due to a, typically non-directive, antenna of the terminal
200 and the channel characteristics the Tx signal is received
by the serving access node 100-1 as the Rx signal 10-1 and
by the supporting access node 100-2 as the Rx signal 10-2.
Due to similar considerations, the Rx signal 12 may be a
superposition of a Tx signal 12-1 from the serving BS 100-1
and a Tx signal 12-2 from the supporting access node 100-2.
In addition, the terminal 200 comprises a processing unit P3
for processing information and messages, and a storage unit
S3 for storing and retrieving information.

The serving access node 100-1 comprises a receiving unit
R11, and the supporting access node 100-2 comprises a
receiving unit R21, for receiving the signal 10-1 and 10-2,
respectively, from the terminal 200. Here it is to be under-
stood that the receiving units R11, R21 may also be used for
receiving signals from further terminals not shown here.
Further, the serving access node 100-1 comprises a trans-
mission unit T11, to transmit the Tx signal 12-1 to the
terminal 200, and the supporting access node 100-2 com-
prises a transmission unit T21, to transmit the Tx signal 12-2
to the terminal 200. It is to be understood that the transmis-
sion units T11, T21 may also be used for transmitting signals
to further terminals not shown here. The receiving unit R11
and the transmission unit T11 implement a wireless interface
of the serving access node 100-1 with respect to the terminal
200. Similarly, the receiving unit R21 and the transmission
unit T21 implement a wireless interface of the supporting
access node 100-2 with respect to the terminal 200.

As further illustrated, the serving access node 100-1
comprises a processor P1, and a storage unit S1. Similarly,
the supporting access node 100-2 comprises a processing
unit P2 and a storage unit S2. The access nodes 100-1, 100-2
may thus be provided with a processing capability for
processing the exchanged and received information and/or
with storage capability for storing data.

In addition, the serving access node 100-1 comprises a
transmission unit T12 for transmitting signals to other access
nodes, e.g. to the supporting access node 100-2, and a
receiving unit R12 for receiving signals from other access
nodes, e.g. from the supporting access node 100-2. Simi-
larly, the supporting access node 100-2 comprises a trans-
mission unit T22 for transmitting signals to other access
nodes, e.g. to the serving access node 100-1, and a receiving
unit R22 for receiving signals from other access nodes, e.g.
from the serving access node 100-1. The transmission unit
T12 and the receiving unit R12 thus provide an interface of
the serving access node 100-1 with respect to other access
nodes, e.g. the supporting access node 100-2, and the
transmission unit T22 and the receiving unit R22 thus
provide an interface of the supporting access node 100-2
with respect to other access nodes, e.g. the serving access
node 100-1.

The transmission unit T12 and the receiving unit R22 may
be connected directly, e.g. by a wired connection such as via
a cable or via the backplane of a server rack, or indirectly,
e.g. through any wireless or wired transport network with
intermediate switching and/or routing nodes. Similarly, the
transmission unit T22 and the receiving unit R12 may be
connected directly, e.g. with a cable, or indirectly, e.g.
through any wireless or wired transport network with inter-
mediate switching and/or routing nodes.

Accordingly, the serving access node 100-1 and the
supporting access node 100-2 may communicate via dedi-
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cated physical connection, e.g. cable or fiber, directly con-
necting the serving access node 100-1 and the supporting
access node 100-2. According to another example, the
serving access node 100-1 and the supporting access node
100-2 may communicate via a switched or routed commu-
nication network with intermediate switching or routing
nodes. An example for an interconnection of access nodes
suitable for implementing the concepts as described herein
is the interface X2 according to the 3GPP LTE specification,
which is an IP-based interface being independent of the
underlying transport network.

The receiving units R11 and R12 may use different
communication technologies, e.g. for communicating with
the terminal 200, via the transmission unit T31, a wireless
communication technique such as LTE may be used, and for
communicating with the supporting access node 100-2, via
the transmission unit T22, a wired communication technique
may be used, such as Ethernet. The same applies to the
transmission units T11 and T12 as well as to the correspond-
ing units R21 and R22 or T21 and T22 of the supporting
access node 100-2. However, implementations are conceiv-
able wherein receiving units R11 and R12 may be of the
same communication technology, e.g. both wireless, or even
be combined into one receiving unit. The same may apply to
the transmission units T11 and T12 as well as to the
corresponding sub-units of the supporting access node 100-
2, i.e. the receiving units R21 and R22 or the transmission
units T21 and T22. A receiving unit and a corresponding
transmission unit in the same device, such as the receiving
unit R11 and the transmission unit T11, the receiving unit
R12 and the transmission unit T12, the receiving unit R21
and the transmission unit T21, the receiving unit R22 and the
transmission unit T22, or the receiving unit R31 and the
transmission unit T31, may be combined in a transceiving
unit or transceiver.

In UL cooperation, the serving access node 100-1 can
request information relating to the Rx signal 10-2 from the
supporting access node 100-2 using its transmission unit
T12, e.g. by sending a UL cooperation request message 22
to the supporting access node 100-2. The UL cooperation
request message 22 may have the form of a request for a
limited number of responses, or may be a subscription to
receive responses until an unscubscribe message is sent. The
first case may be referred to as request-response mechanism,
and the second case may be referred to as subscribe-publish
mechanism.

The supporting access node 100-2 receives the signal 10-2
via its receiving unit R21. The information may be the Rx
signal 10-2 in a format as defined in the request, e.g. 1Q
samples in the frequency domain, samples in the time
domain, soft values of coded or uncoded bits, or hard values
of coded or uncoded bits. The processing unit P2 is adapted
to obtain the requested information from the Rx signal 10-2.
The supporting access node 100-2 can send the requested
information via its transmission unit T22 to the receiving
unit R12 of the serving access node 100-1, e.g. in a response
message 24. In the case of a subscribe-publish mechanism,
the response message may also be referred to as a publish
message. The processing unit P1 of the serving access node
is adapted to determine an improved or optimized Rx signal
from the terminal, which is accomplished on the basis on the
requested information as received from the supporting
access node 100-2 and on corresponding information relat-
ing to the signal 10-1, which is received by the serving
access node 100-1 itself.

In DL cooperation, the serving access node 100-1 may
send information relating to the signal 12-2 to be transmitted
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from the supporting access node 100-2 using its transmis-
sion unit T12, e.g. in a DL cooperation request message 22.
The information may be the Tx signal 12-2 in a specific
format, e.g. IQ samples in the frequency domain, or samples
in the time domain. On the basis of the information received
from the serving access node 100-1, the supporting access
node 100-2 sends the signal 12-2 to the terminal 200.

The DL cooperation request message 22 may thus com-
prise cooperation signals communicated from the serving
access node 100-1 to the supporting access node 100-2.
Further details concerning the DL cooperation request mes-
sage 22 are explained below. Similarly, the response mes-
sage 24 may comprise cooperation signals communicated
from the supporting access node 100-2 to the serving access
node. FIG. 3 schematically illustrates devices according to
an embodiment of the invention, which relates to transmis-
sion parameter adaptation for UL cooperative signal com-
munication. In FIG. 3, elements which correspond to those
as shown in FIGS. 1 and 2 have been designated with the
same reference signs. Further details concerning these ele-
ments can thus be obtained from the corresponding expla-
nations in connection with FIGS. 1 and 2. In FIG. 3
components and functions of the serving access node 100-1,
of the supporting access node 100-2, and of the terminal 200
are further illustrated, which participate in a process of
transmission parameter adaptation for UL cooperative signal
communication according to an embodiment of the inven-
tion.

As already explained above, in UL cooperation, the
receiving unit R11 of the serving access node 100-1 receives
the Rx signal 10-1, and the receiving unit R21 of the
supporting BS 100-2 receives the Rx signal 10-2. The Rx
signal 10-1 and the Rx signal 10-2 are transmitted as a single
Tx signal from the terminal 200. Further, in order to perform
cooperative signal reception, a cooperation signal 20 is
communicated from the supporting access node 100-2 to the
serving access node. The cooperation signal 20 may repre-
sent the Rx signal 10-2 in the form of samples, e.g. fre-
quency domain IQ samples or time-domain samples, in the
form of soft values of coded or uncoded bits, or in the form
of hard values of coded or uncoded bits.

The processing unit P1 of the serving access node 100-1
is configured to measure a first signal quality value Q1 of the
Rx signal 10-1. This accomplished by a measuring function
P1-1 of the processing unit P1. Similarly, the processing unit
P2 of the supporting access node 100-2 is configured to
measure a second signal quality value Q2 of the Rx signal
10-2. This accomplished by a measuring function P2-1 of
the processing unit P2. Since the first and second signal
quality values Q1, Q2 each pertain to a respective Rx signal,
they are also referred to as individual signal quality values.
The first individual signal quality value Q1 and/or the
second individual frequency value may be frequency depen-
dent.

The supporting access node 100-2 then communicates the
measured second signal quality value Q2 to the serving
access node 100-1, where it is received by a calculating
function P1-4 of the processing unit P1. Communicating the
second signal quality value Q2 from the supporting access
node 100-2 to the serving access node is accomplished by an
inter-access node interface, schematically illustrated by a
dashed vertical line. As explained in connection with FIG. 2,
the inter-access node interface may be implemented by the
receiving units R12;, R22 and the transmission units T12,
T22. However, it is to be understood that only the transmis-
sion unit T22 and the receiving unit R12 are actually needed
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to communicate the second signal quality value Q2 from the
supporting access node 100-2 to the serving access node
100-1.

The calculating function P1-4 then calculates a signal
quality value Q which is a function f(Q1, Q2) of the first
individual signal quality value Q1 and of the second indi-
vidual signal quality value Q2. In other words, the signal
quality value Q is calculated on the basis of the first
individual signal quality value Q1 and on the basis of the
second individual signal quality value Q2. Since the signal
quality value Q reflects characteristics of several Rx signals,
it may also be referred to as combined signal quality value.

Different ways are possible for calculating the signal
value Q.

According to some embodiments, the first individual
signal quality value Q1, the second individual signal quality
value Q2, and the calculated signal quality value Q each
correspond to a received signal strength value. In this case,
the signal quality value Q is a calculated received signal
strength value RSS_,,.. Similarly, the first individual signal
quality value is a first individual received signal strength
value RSS,, and the second individual signal quality value
is a second individual received signal strength value RSS,.

According to one option, the combined received signal
strength value RSS_,,. may be calculated according to:

cale

RSS, ., =Max(RSS|,RSS,). o)

That is to say, the maximum value of individual received
signal strength values is selected. This option may advan-
tageous in the case of the cooperation signal 20 comprising
hard bits, which are subjected to selection combining in the
cooperative signal communication process.

According to a further option, the combined received
signal strength value RSS_ ;. may be calculated according
to:

cale

RSS,

cale

=RSS,+RSS, @)

That is to say, the sum of individual received signal
strength values is calculated. This option may advantageous
in the case of the cooperation signal 20 comprising soft
values of coded or uncoded bits, which are subjected to
chase combining in the cooperative signal communication
process.

According to some embodiments the first individual sig-
nal quality value Q1, the second individual signal quality
value Q2, and the calculated signal quality value Q each
correspond to a signal to interference plus noise ratio value.
In this case, the signal quality value Q is a calculated signal
to interference plus noise ratio value SINR ;.. Similarly, the
first individual signal quality value Q1 is a first individual
signal to interference plus noise ratio value SINR,, and the
second individual signal quality value Q2 is a second
individual signal to interference plus noise ratio value
SINR,.

According to one option, the combined interference plus
noise ratio value SINR_,,. may be calculated according to:
3

That is to say, the maximum value of individual signal to
noise plus interference values is selected. This option may
advantageous in the case of the cooperation signal 20
comprising hard bits, which are subjected to selection com-
bining in the cooperative signal communication process.

According to a further option, the combined received
signal strength value RSS_ ;. may be calculated according
to:

cale

SINR, ;. =Max(SINR |, SINR>).

cale

SINR,;.=SINR +SINR, )
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That is to say, the sum of the individual signal to inter-
ference plus noise values is calculated.

In units of dB this type of calculation may also be
expressed as:

SINR,;.[dB]=10 log(SINR 1+SINR>) )

This option may advantageous in the case of the coop-
eration signal 20 comprising soft values of coded or uncoded
bits, which are subjected to chase combining in the coop-
erative signal communication process.

According to some embodiments, the first individual
signal quality value and the second individual signal quality
value correspond to a received signal strength, and the
calculated signal quality value corresponds to a signal to
interference plus noise ratio value. In this case, the signal
quality value Q is a calculated signal to interference plus
noise ratio value SINR_,,.. However, the first individual
signal quality value Q1 is a first received signal strength
value RSS,, and the second individual signal quality value
Q2 is a second individual received signal strength value
RSS,,.

According to one option, the combined interference plus
noise ratio value SINR_,. may be calculated from a sum of
the individual received signal strength values according to:

SINR, ;. =(RSS,+RSS,)/(a+N) (6

Here, 1 denotes an interference signal strength, N denotes
a noise signal strength, and o denotes a parameter reflecting
a receiver capability to suppress interference. For a receiver
having an ideal interference suppression capability, i.e. all
interference is suppressed, o has a value of zero. With
decreasing interference suppression capability, o has a
larger value and eventually approaches one, which corre-
sponds to the case of no interference suppression. For
example, in the case of advanced receiver algorithms, such
as interference cancellation, o has a low value, e.g. between
0.1 and 0.3. Further, in the case of regular receiver algo-
rithms, such as interference rejection combining, o may
have a medium value, e.g. between 0.3 and 0.7. Further, in
the case of simple receiver algorithms, such as maximum
ratio combining, a may have a high value, e.g. between 0.7
and 0.9.

In units of dB this type of calculation may also be
expressed as:

SINR,;.[dBI=10 log((RSS +RSS,)/(al+N)). )

This option may advantageous in the case of the coop-
eration signal 20 comprising samples of the Rx signal 10-2,
e.g. IQ samples, and the cooperative signal communication
process is based on advanced joint signal processing algo-
rithms, e.g. interference cancellation.

According to some embodiments, the first individual
signal quality value Q1, the second individual signal quality
value Q2, and the calculated signal quality value Q each
correspond to a residual block error value. In this case, the
signal quality value Q is a calculated residual block error
value BLER ;.. Similarly, the first individual signal quality
value Q1 is a first individual residual block error value
BLER,, and the second individual signal quality value Q2 is
a second individual residual block error value BLER,.

According to one option, the combined residual block
error value BLER ;. may be calculated according to:

calc

BLER,,, =Min(BLER, BLER,). ®)

That is to say, the minimum value of the individual
residual block error values is selected. This option may
advantageous in the case of the cooperation signal 20

cale
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comprising hard bits, which are subjected to selection com-
bining in the cooperative signal communication process.

According to some embodiments, the first individual
signal quality value Q1, the second individual signal quality
value Q2, and the calculated signal quality value Q each
correspond to a channel frequency response function. In this
case, the signal quality value Q is a calculated channel
frequency response function h_,,.. Similarly, the first indi-
vidual signal quality value Q1 is a first individual channel
frequency response function h,, and the second individual
signal quality value Q2 is a second individual channel
frequency response function h,.

According to one option, the combined channel frequency
response function h__,  may be calculated according to:

cale

heqi=Max(hy,hy). ©)]

This option may advantageous in the case of the coop-
eration signal 20 comprising hard bits, which are subjected
to selection combining in the cooperative signal communi-
cation process.

According to a further option, the combined channel
frequency response function h_,,. may be calculated accord-
ing to:

calc

Wrcael P =11 | P+ol . (10)

That is to say, an absolute value sum of the individual
frequency response functions is calculated. This option may
advantageous in the case of the cooperation signal 20
comprising soft values of coded or uncoded bits, which are
subjected to chase combining in the cooperative signal
communication process.

According to a still further option, the combined channel
frequency response function h__,  may be calculated accord-
ing to:

calc

heare=h1ths. (11

That is to say, the sum of the individual frequency
response functions is calculated. This option may advanta-
geous in the case of the cooperation signal 20 comprising
samples of the Rx signal 10-2, e.g. IQ samples, and the
cooperative signal communication process is based on
advanced joint signal processing algorithms, e.g. including
interference cancellation.

The calculated combined signal quality value Q, which
may be frequency dependent, is then used as a basis for
setting or adapting a transmission parameter 50 for future
UL cooperative signal communication. This setting is
accomplished by adaptation function P1-5 of the processing
unit P1. The transmission parameter may be a modulation
scheme, a coding scheme, a Tx power, and/or resource
allocation to be used by the transmission unit R31 of the
terminal 200 when transmitting the Tx signal which is
cooperatively received by the serving access node 100-1 and
the supporting access node 100-2.

In order to be available at the terminal 200 in the next
cooperative transmission, the adapted transmission param-
eter is communicated from the serving access node 100-1 to
the terminal 200, using the transmission unit T11 and the
reception unit R31.

It is to be noted that the above approach of transmission
parameter adaptation for UL cooperation is not limited to a
single supporting access node. Rather, an arbitrary number
of supporting access nodes may be involved. In this case the
respective individual signal quality values would be
obtained by each of the supporting access nodes, be col-
lected at the serving access node, and used as a basis for
calculating the combined signal quality value.
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Further, it is to be noted that for accurately predicting the
effects of cooperative signal communication, the coopera-
tive signal communication does not need to be already
established before or during the adaptation process. Rather,
effects of future cooperation or of future changes in coop-
eration, e.g. the number of cooperating nodes, can be
predicted and taken into account in the adaptation process.

According to some embodiments, the measurements of
the individual signal quality values Q1, Q2 by the serving
access node 100-1 and the supporting access node 100-2 are
performed regularly and the latest measurements are used
for setting the transmission parameter 50 for the next
transmissions, assuming the characteristics of the commu-
nication links do not change significantly between two
measurement points. A time interval between two measure-
ments can be suitably selected or adjusted.

FIG. 4 schematically illustrates devices for implementing
transmission parameter adaptation according to an embodi-
ment of the invention, which relates to transmission param-
eter adaptation for DL cooperative signal communication. In
FIG. 4, elements which correspond to those as shown in
FIGS. 1-3 have been designated with the same reference
signs. Further details concerning these elements can thus be
obtained from the corresponding explanations in connection
with FIGS. 1-3. In FIG. 4 components and functions of the
serving access node 100-1, of the supporting access node
100-2, and of the terminal 200 are further illustrated, which
participate in a process of transmission parameter adaptation
for DL cooperative signal communication according to an
embodiment of the invention.

As already explained above, in DL cooperation, the
transmission unit T11 of the serving access node 100-1
transmits the Tx signal 12-1, and the transmission unit T21
of the supporting BS 100-2 transmits the Tx signal 12-2.
Further, in order to perform cooperative signal transmission,
a cooperation signal 20 is communicated from the serving
access node 100-1 to the supporting access node. The
cooperation signal 20 may represent the Tx signal 12-2 to be
cooperatively transmitted to the terminal in the form of
samples, e.g. frequency domain IQ samples or time-domain
samples. During cooperative signal communication, the Tx
signal 12-1 and the Tx signal 12-2 are received as a single
Rx signal at the terminal 200. However, for the purpose of
individually characterizing the communication link between
the serving access node 100-1 and the terminal 200, and the
communication link between the supporting access node
100-2 and the terminal 200, the Tx signals 12-1 and 12-2 are
individually received at the terminal 200, e.g. by transmit-
ting the Tx signals 12-1, 12-2 for measurement purposes at
different points of time.

In the processing unit P1 of the serving access node
100-1, a receiving function P1-3 is configured to receive a
first individual signal quality value Q1' of the Tx signal 12-1
as received at the terminal 200 and a second individual
signal quality value Q2' of the Tx signal 12-2 as received at
the terminal 200. The individual signal quality values Q1',
Q2' are received at the serving access node 100-1 using the
wireless interface, i.e. the receiving unit R11. The individual
signal quality values Q1', Q2' are measured by a measuring
function P3-1 of the processing unit P3 in the terminal 200.
The measured individual signal quality values Q1', Q2' are
then transmitted to the serving access node 100-1 using the
wireless interface, i.e. the transmission unit T31.

In the processing unit P1 of the serving access node
100-1, a calculating function P1-4 then calculates a signal
quality value Q' which is a function f(Q1', Q2') of the first
individual signal quality value Q1' and of the second indi-
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vidual signal quality value Q2'. In other words, the signal
quality value Q' is calculated on the basis of the first
individual signal quality value Q1' and on the basis of the
second individual signal quality value Q2'. The signal qual-
ity value Q' may also be referred to as combined signal
quality value.

Different ways are possible for calculating the combined
signal value QQ', which may be the same as mentioned in the
case of UL cooperation for calculating the combined signal
quality value Q.

The combined signal quality value Q' is then used as a
basis for setting or adapting a transmission parameter 50 for
future DL cooperative signal communication. This setting is
accomplished by adaptation function P1-5' of the processing
unit P1. The transmission parameter 50 may be a modulation
scheme, a coding scheme, a Tx power, and/or resource
allocation to be used by the transmission unit T11 of the
serving access node 100-1, and by the transmission unit T21
of the supporting access node 100-2 when cooperatively
transmitting the Tx signals 12-1, 12-2 to the terminal 200.
For this purpose, the adapted transmission parameter 50 is
communicated from the serving access node 100-1 to the
supporting access node 100-2 using the transmission unit
T21 and the reception unit R22.

According to some embodiments, the measurements of
the individual signal quality values Q1', Q2' by the terminal
200 are performed regularly and the latest measurements are
used for setting the transmission parameter 50 for the next
transmissions, assuming the characteristics of the commu-
nication links do not change significantly between two
measurement points. A time interval between two measure-
ments can be suitably selected or adjusted.

It is to be noted that the above approach of transmission
parameter adaptation for DL cooperation is not limited to a
single supporting access node. Rather, an arbitrary number
of supporting access nodes may be involved. In this case the
respective individual signal quality values of a plurality of
supporting access nodes would be obtained by the terminal
200 communicated to the serving access node 100-1, and
used as a basis for calculating the combined signal quality
value Q.

Further, it is to be noted that for DL cooperation, there is
also the possibility to measure a signal quality value of a
single Rx signal received at the terminal 200, which is a
superposition of the cooperatively transmitted Tx signals
12-1, 12-2. However, this approach may only be used for
already established cooperative signal communication and is
not suitable to predict effects of future changes in the type
of cooperative signal communication, e.g. a change in the
number of cooperating access nodes.

FIG. 5 schematically illustrates an example of a process
of UL cooperation between the serving access node 100-1
and the supporting access node 100-2. As mentioned above,
the serving access node 100-1 and the supporting access
node 100-2 may be different BSs or different sections of the
same BS. Again, it is to be understood that more than one
supporting access node 100-2 could be provided.

The UE 200 is associated to the serving access node
100-1. The serving access node 100-1 controls the UE 200
and allocates resources for communication. This may be part
of a scheduling step 120. The UE 200 has already been
identified as a candidate for UL cooperation. Having allo-
cated certain resource blocks (RBs) to the UE 200, the
serving access node 100-1 make a request for support from
the supporting access node 100-2 with respect to the par-
ticular UE 200, by sending a UL cooperation request mes-
sage 22 to the supporting access node 100-2. The UL
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cooperation request 22 message can indicate which type of
information relating to the Rx signal 10-2 is required, e.g.,
1Q samples, soft bits, hard bits. Furthermore, the UL coop-
eration request message 22 can comprise additional param-
eters which are required to deliver the requested Rx signal
10-2, e.g., time slots, transmission time intervals (TTIs), and
RBs to be received, or parameters for interference cancel-
lation at the supporting access node 100-2.

On the indicated RBs, the supporting access node 100-2
receives the Rx signal 10-2 from the UE 200, as indicated in
reception step 130-2. The Rx signal 10-1 from the UE 200
is received at the serving access node 100-1 in reception step
130-1.

Depending on the requested type of information relating
to the Rx signal, the supporting access node 100-2 might
need to process the Rx signal 10-2 as received from the UE
200, as indicated by per-BS processing step 140-2. Typi-
cally, the processing on a per access node or per-BS basis in
the supporting access node 100-2 will be similar to process-
ing on a per-access node or per-BS basis in the serving
access node 100-1, e.g. as performed in a per-BS processing
step 140-1. For instance if decoded user data is requested,
the supporting access node 100-2 demodulates and decodes
the Rx signal 10-2 as received from the UE 200.

After per-access node processing the supporting access
node 100-2 responds by sending a response message 24 with
the requested information, i.e. the Rx signal 10-2 having the
type as specified in the request, to the serving access node
100-1. Additionally, the supporting access node 100-2 can
transmit parameters used by the serving access node 100-2,
e.g. parameters used for interference cancellation at the
serving access node 100-2.

Having received the requested information from the sup-
porting access node 100-2, the serving access node 100-1
can jointly process the Rx signals received by itself and by
the supporting access node 100-2. This is accomplished in a
joint processing step 140. Depending on the type of the
requested Rx signal 10-2, the serving access node 100-1 can,
e.g., select the successfully coded bit stream, i.e. do selec-
tion combining, can do chase or soft combining of soft bits,
or can do interference rejection combining or interference
cancellation using IQ samples. As a result, the serving
access node 100-1 determines an improved or optimized
signal on the basis of the signals 10-1 and 10-2 received
from the terminal 200.

In the above, the cooperation approach is outlined for only
one supporting access node 100-2. If the serving access node
100-1 has identified multiple supporting access nodes, the
presented approach is individually performed for each sup-
porting access node. That is to say, the serving access node
100-1 requests cooperation from each supporting access
node. The UL cooperation request messages 22 can be
transmitted as unicast message, as multicast message or,
depending on the circumstances, even as broadcast message.
Each supporting access node responds with the requested
information, i.e. the Rx signal having the type as specified
in the request. Further, each supporting access node may
cancel or disregard the request. Finally, the joint processing
at the serving access node 100-1 combines and processes the
Rx signals received at its own antennas and at the supporting
nodes.

All parameters or information that are exchanged in the
UL cooperation request message 22 or in the response
message 24 may be compressed before the actual message
exchange and decompressed after the actual message
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exchange. Here, it is to be noted that compression typically
introduces additional time delay, which may be undesirable
in some cases.

In the process of FIG. 5, cooperation is requested before
the serving access node 100-1 performs processing of its
own Rx signal 10-1 on a per-access node basis or per-BS
basis, i.e. before the serving access node 100-1 receives the
Rx signal 10-1. This approach may be referred to as a
proactive approach. In an alternative approach, which may
be referred to as a reactive approach, cooperation is
requested after per-access node or per-BS processing at the
serving access node 100-1, i.e. after the actual reception of
the Rx signal 10-1 at the serving access node 100-1. This
may be beneficial, e.g., if the serving access node’s 100-1
own decoding attempt failed.

The process of cooperation as illustrated in FIG. 5 may be
cancelled by both the supporting access node 100-1 and the
serving access node 100-2. For instance, in the case of
successful decoding at the serving access node 100-1 before
the response 24 has been received, the serving access node
100-1 could send a cancel message to the supporting access
node 100-2.

The request could be disregarded by the supporting access
node 100-2 for several reasons. For example, the supporting
access node 100-2 could simply ignore the request or it
could send an implicit cancel message. The cancel message
could contain the reason of cancellation. The supporting
access node 100-2 could disregard the request in the case of,
e.g. unsuccessful per-access node processing at the support-
ing access node 100-2 or saturation of backhaul capacity, i.e.
a data traffic capacity available for transmitting data from the
supporting access node 100-2 to the serving access node
100-1.

By means of the message exchange as described above it
is even possible for the serving access node 100-1 to
explicitly indicate under which circumstances the request
should be disregarded. Several examples of such an indica-
tion are possible. According to one example, a signal is
received at the supporting access node 100-2 with a higher
quality if there are no simultaneous transmissions going on
in the supporting access node’s 100-2 cell. Thus, a serving
access node 100-1 could request cooperation only if there
are no simultaneous transmissions on the indicated RBs.
This exception may be indicated in the UL cooperation
request message 22 or may be pre-configured. According to
a further example a priority could indicate how important or
valuable the cooperative reception process is. For example,
a “gold user” with an expensive subscription may get a
higher priority than a best-effort user with a low cost
subscription. In the case that the supporting access node
100-2 receives multiple requests which it cannot process, the
supporting access node 100-2 may discard the requests with
the lowest priorities.

The process as illustrated in FIG. 5 is based on a request-
response mechanism, in which the serving access node
100-1 sends a request message 22 and the supporting access
node responds 100-2 with a response message 24 including
the requested information. In some embodiments, the
request-response mechanism may be replaced by a sub-
scribe-publish mechanism.

FIG. 6 schematically illustrates an implementation of the
process of transmission parameter adaptation for UL coop-
eration, which may be used in connection with the UL
cooperation process of FIG. 5. The process of transmission
parameter adaptation can be carried out at any suitable stage
of UL cooperative signal communication, i.e. in an initial
phase when establishing cooperative signal communication,
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e.g. before the scheduling step 110, or in an intermediate
stage between two successive cooperative signal transmis-
sions. In the latter case, if the adapted transmission param-
eter 50 requires new scheduling procedures, at least a part of
the scheduling step 120 may be repeated after adapting the
transmission parameter, e.g. for re-allocating RBs.

In the process of FIG. 6, the serving access node 100-1
sends a measurement request 32 to the supporting access
node 100-2. According to some embodiments, the measure-
ment request may be combined with the UL cooperation
request 22 into a single request message.

At step 110-1, the serving access node measures the first
signal quality value Q1 of the Rx signal 10-1. At step 110-2,
the supporting access node measures the second signal
quality value Q2 of the Rx signal 10-2. The measured second
signal quality value Q2 is then communicated to the serving
access node 100-1 in a measurement response message 34.

At step 122, the combined signal quality value Q is
calculated on the basis of the first signal quality value Q1
and on the basis of the second signal quality value Q2.
Exemplary ways of calculation have already been explained
above.

At step 124, the transmission parameter 50 is set or
adapted on the basis of the combined signal quality value.
The transmission parameter 50 is then communicated to the
UE 200 to be used for future cooperative transmissions.

The measurements of the individual signal quality values,
i.e. measurement steps 110-1, 110-2, and subsequent adap-
tation of the transmission parameter 50, i.e. steps 122, 124,
may be repeated at suitable time intervals, indicated by AT.
The time interval AT may be indicated to the supporting
access node 100-2 in the measurement request message 32
or may be configured in a different manner, e.g. by the O&M
system. The repetition of the measurement step 120-2 at the
supporting access node 100-2 may be cancelled in response
to a measurement cancellation request 36 from the serving
access node 100-1. The approach of repeated measurements
in response to a single measurement request 32 may allow
for reducing signalling required for implementing the trans-
mission parameter adaptation. In some embodiments, there
may also be a one-to-one relation between the measurement
request 32 and measurement response 34, i.e. each measure-
ment response 34 may require a respective measurement
request 32. The latter approach may allow for a more flexible
control of the transmission parameter adaptation process by
the serving access node 100-1.

FIG. 7 schematically illustrates an example of a process
of DL cooperation between a serving access node 100-1 and
a supporting access node 100-2. As mentioned above, the
serving access node 100-1 and the supporting access node
100-2 may be different BSs or different sections of the same
BS. Again, it is to be understood that more than one
supporting access node 100-2 could be provided.

The UE 200 is associated to the serving access node
100-1. The serving access node 100-1 controls the UE 200
and allocates resources for communication. This may be part
of a scheduling step 160. The UE 200 has already been
identified as a candidate for cooperation. Further, the serving
access node 100-1 may perform joint processing in the form
of pre-coding of the signal to be transmitted to the UE 200,
as illustrated by pre-coding step 170. Having allocated
certain resource blocks to the UE 200, the serving access
node 100-1 make a request for DL support from the sup-
porting access node 100-2 with respect to the particular UE
200, by sending a DL cooperation request message 22 to the
supporting access node 100-2. The DL cooperation request
message 22 comprises information relating to the Tx signal
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12-2 to be transmitted from the supporting access node
100-2, e.g. frequency domain 1Q samples or time domain
samples of the Tx signal. Furthermore, the DL cooperation
request message 22 can comprise parameters further char-
acterizing the desired type of cooperation.

The supporting access node 100-2 receives the DL coop-
eration request 22 from the serving access node 100-1. The
serving access node 100-1 and the supporting access node
100-2 may then cooperatively transmit the Tx signals 12-1
and 12-2 to the UE 200, as indicated by transmission steps
180-1 and 180-2, respectively.

In the above, the DL cooperation approach is outlined for
only one supporting access node 100-2. If the serving access
node 100-1 has identified multiple supporting access nodes,
the presented approach is individually performed for each
supporting access node. That is to say, the serving access
node 100-1 requests DL cooperation from each supporting
access node. The DL cooperation request messages 22 can
be transmitted as unicast message, as multicast message or,
depending on the circumstances, even as broadcast message.

All parameters or information that are exchanged in the
DL cooperation request message 22, e.g. the information
relating to the Tx signal 12-2, may be compressed before
transmission of the DL cooperation request message 22 and
decompressed after reception of the DL cooperation request
message 22. Here, it is to be noted that compression typi-
cally introduces additional time delay, which may be unde-
sirable in some cases.

FIG. 8 schematically illustrates an implementation of the
process of transmission parameter adaptation for DL coop-
eration, which may be used in connection with the DL
cooperation process of FIG. 7. The process of transmission
parameter adaptation can be carried out at any suitable stage
of DL cooperative signal communication, i.e. in an initial
phase when establishing cooperative signal communication,
e.g. before the scheduling step 160, or in an intermediate
stage between two successive cooperative signal transmis-
sions. In the latter case, if the adapted transmission param-
eter 50 requires new scheduling procedures, at least a part of
the scheduling step 160 may be repeated after adapting the
transmission parameter, e.g. for re-allocating RBs.

In the process of FIG. 8, the serving access node 100-1
sends a measurement request 42 to the UE 200. At step 210,
the UE 200 measures the first signal quality value Q1',
related to the Tx signal 12-1 as received by the UE 200, and
the second signal quality value Q2', related to the Tx signal
12-2 as received by the UE 200. In this process, separate
reception of the Tx signals 12-1, 12-2 is needed. For this
purpose, the Tx signals 12-1, 12-2 may be separated in the
time domain, in the frequency domain, and/or in the code
domain. Accordingly, these signals are transmitted in a
non-cooperative mode by the serving access node 100-1 and
the supporting access node 100-1, e.g. as signals dedicated
for measurement purposes or as a part of non-cooperative
signal communication. The measured signal quality values
Q1', Q2' are then communicated to the serving access node
100-1 in a measurement a measurement response message
44.

At step 152, the combined signal quality value Q' is
calculated on the basis of the first signal quality value Q1'
and on the basis of the second signal quality value Q2'.
Exemplary ways of calculation have already been explained
above. At step 154, the transmission parameter 50 is set or
adapted on the basis of the combined signal quality value.
The transmission parameter 50 is then communicated from
the serving access node 100-1 to the supporting access node
100-2 to be used for future cooperative transmissions.
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Also in this case, the measurements of the individual
signal quality values Q1', Q2' and subsequent adaptation of
the transmission parameter 50 may be repeated at suitable
time intervals, indicated by AT. The time interval AT may be
indicated to the UE 200 in the measurement request message
42 or may be configured in a different manner, e.g. be
pre-configured in the UE 200. The repetition of the mea-
surement step 210 UE 200 may be cancelled in response to
a measurement cancellation request 46 from the serving
access node 100-1. The approach of repeated measurements
in response to a single measurement request 42 may allow
for reducing signalling required for implementing the trans-
mission parameter adaptation. In some embodiments, there
may also be a one-to-one relation between the measurement
request 42 and measurement response 54, i.e. each measure-
ment response 44 may require a respective measurement
request 42. The latter approach may allow for a more flexible
control of the transmission parameter adaptation process by
the serving access node.

FIG. 9 schematically illustrates devices to a further
embodiment of the invention, which relates to transmission
parameter adaptation for UL cooperative signal communi-
cation. In FIG. 9, elements which correspond to those as
shown in FIGS. 1-3 have been designated with the same
reference signs. Further details concerning these elements
can thus be obtained from the corresponding explanations in
connection with FIGS. 1-3. In FIG. 9 components and
functions of the serving access node 100-1, of the supporting
access node 100-2, and of the terminal 200 are further
illustrated, which participate in a process of transmission
parameter adaptation for UL cooperative signal communi-
cation according to an embodiment of the invention. As
compared to the process of FIG. 3, the process of FIG. 9 is
based on estimating the second individual signal quality
value Q2 in the serving access node, rather than having the
supporting access node 100-2 performing a measurement.
This option may be advantageous if information from the
supporting access node 100-2 is not available. This type of
transmission parameter adaptation may also be referred to as
open-loop transmission parameter adaptation. As compared
to that, the above approaches according to FIGS. 2-8 may be
referred to as closed-loop transmission parameter adapta-
tion. Exemplary situations in which the open-loop transmis-
sion parameter adaptation may be applied are, e.g., before
access node cooperation has started or when the serving
access node 100-1 has not received the second signal quality
value Q2 from the supporting access node 100-2.

In the open-loop transmission parameter adaptation pro-
cess, the serving access node 100-1 measures the first
individual signal quality value Q1 as explained in connec-
tion with FIG. 3. The second individual signal quality value
Q2 may then be included into the calculation in the form of
an expected increase in signal quality due to cooperation.
The calculation function P1-4 and the adaptation function
P1-5 are similar to FIG. 3.

The increase in signal quality due to cooperation between
the serving access node and one or more supporting access
nodes may be an increase in received signal strength, in the
following referred to as ARSS, or an increase in signal to
interference plus noise ratio, in the following referred to as
ASINR. The increase in signal quality can be estimated as a
function of one or more cooperation-specific parameters,
which are known to the serving access node 100-1, e.g.
stored in the storage unit S1. Examples of cooperation-
specific parameters, which may be used alone or in combi-
nation for making the estimation, will be explained in the
following.
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According to one example, the cooperation-specific
parameter is a difference between a first path gain PG, from
the terminal 200 to the serving access node 100-1 and a
second path gain PG, from the terminal 200 to the support-
ing access node 100-2. This difference, also referred to as
path gain difference APG=PG,-PG,, may be known from
mobility measurements reported by the terminal 200. Here,
it is to be noted that although the path gain measured at the
terminal is refers to DL, this path gain may be used for
making an estimate for the UL situation since in typical
cases a reciprocity between UL and DL can be assumed, i.e.
characteristics of the UL communication link will be similar
to characteristics of the DL communication link.

In a practical implementation, the terminal 200 may
measure the received signal strength of the signal 12-2 from
the supporting access node 100-2. Dividing the RSS by the
Tx power used in the supporting access node 100-2, the
terminal 200 may then obtain the path gain for the support-
ing access node 100-2. If the Tx power at the supporting
access node is not available to the terminal 200, the terminal
200 may also report RSS measurements to the serving
access node 100-1. In such situations, the serving access
node may derive the path gain from the reported RSS value.

Further, by multiplying the path gain and the Tx power
used by the terminal 200, the UL RSS can be estimated.
Hence the difference in received signal strength ARSS can
be used in the same way as the path gain difference APg.

According to a further example, the cooperation-specific
parameter may be a number of supporting access nodes for
the terminal 200. This number is typically chosen by the
serving access node 100-1.

According to a further example, the cooperation-specific
parameter may be the type of UL cooperation, e.g., exchange
of IQ samples, exchange of soft bits, exchange of hard bits.
The type of cooperation is typically selected by the serving
access node 100-1.

According to a further example, the cooperation-specific
parameter may be the type of receiver algorithms used at the
serving access node 100-1 and at the supporting access node
100-2, e.g. maximum ratio combining, interference rejection
combining, interference cancellation. The serving access
node 100-1 can explicitly ask the supporting access node
100-2 to use a specific type of receiver algorithm and will
thus be aware of the performance which can be gained by
using a specific type of receiver algorithm.

According to some embodiments, the process of open-
loop transmission parameter adaptation is applied in a Time
Division Duplex (TDD) system. In a TDD system, a rather
strict reciprocity between UL and DL can be assumed, since
an UL channel and a DL channel operate in the same
frequency band.

The serving access node 100-1 can therefore request the
terminal 200 to perform and report signal quality measure-
ments on the DL channel from the supporting access node
100-2 to the terminal 200, i.e. to measure a signal quality
value of the Tx signal 12-2 as received at the terminal 200.
This value may then be used as an estimate for the corre-
sponding UL signal quality value Q2. The combined signal
quality value may then be calculated in the same ways as
explained in connection with FIG. 3. Accordingly, a precise
calculation of the combined signal quality value Q is pos-
sible, and due to the strict reciprocity of UL and DL in TDD
systems, even frequency dependent signal quality values,
like the improved channel frequency response function, can
be obtained without requesting information from the sup-
porting access node 100-2.
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In the following, examples of estimating the increased
signal to interference plus noise value due to cooperation
between access nodes will be discussed in more detail.

When 1Q samples, soft bits or hard bits are about to be
exchanged between the serving access node 100-1 and the
supporting access node 100-2, the increased SINR could be
estimated based on the knowledge of the path gain PG, from
the terminal 200 to the supporting access node 100-2, the
measured received signal strength value of the signal 10-1,
the Tx power P, used by the terminal 200 and the measured
interference I, in the Rx signal 10-1 received at the serving
access node 100-1.

According to one option, the combined signal quality
value Q can be calculated as an estimate of the increased
SINR according to:

RSS| + Py PG, (12)

SINRooie = — 1

Here, o is the above-defined parameter for reflecting the
receiver capability to suppress interference, 1, is the inter-
ference signal strength at the serving access node 100-1, and
N is the noise signal strength.

That is to say, in this case the first individual signal quality
Q value is a measured received signal strength value and the
second individual signal quality Q2 value is an estimated
received signal strength value given by:

RSS,=PyzPG, 13)

The above calculations can be generalized to an arbitrary
number M of supporting access nodes having respective
path gains PG,, . . ., PG, yielding:

M 14)
RSS + PUEZ PG;
=2

SINRutp = ———————2 .
cale = oL+ MBI +N

Here, { is a parameter which reflects the higher interfer-
ence level contained in the Rx signal received at the sup-
porting access nodes as compared to the Rx signal at the
serving access node 100-1. Typically, §>1. Other co-channel
terminals are received with higher strength at supporting
access nodes and act as strong interferers for the supported
terminal 200.

This option is advantageous when the cooperative recep-
tion is based on communicating samples of the Rx signals
received at the supporting access nodes.

According to a further option, the combined signal quality
value Q can be calculated as an estimate of the increased
SINR according to:

RSS; N Pyg - PGy
-y o[ +N

15
SINReotc = 4>

Here, o, is the above-defined factor for reflecting the
receiver capability of the supporting access node with index
i to suppress interference.

This calculation can be generalized to an arbitrary number
M of supporting access nodes having respective path gains
PG,, . . ., PG,,, yielding:
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PG, (16)

RSS, M
SINRegte = ——= + Pug- | ————
o TV Lo B +N

=2

This option is advantageous when the cooperative recep-
tion is based on communicating soft bits of the Rx signals
received at the supporting access nodes.

According to a still further option, the combined signal
quality value Q can be calculated as an estimate of the
increased SINR according to:

an

RSS, Py - PG
SINleczMax( L UE 2)

0{1-11’ ay-I1 +N

This calculation can be generalized to an arbitrary number
M of supporting access nodes having respective path gains
PG,, . . ., PG,,, yielding:

(18)

RSS Pyg - PG;
SINRgg = Maxi—y M( . e ]

ay " o B +N

This option is advantageous when the cooperative recep-
tion is based on communicating hard bits of the Rx signals
received at the supporting access nodes.

According to other examples, a combine received signal
strength value can be calculated in accordance with the
calculation options as mentioned in connection with FIG. 3,
assuming that the second signal quality value Q2 is a
received signal strength value RSS, estimated according to
Eq. 13.

According to further examples, the increase in SINR due
to cooperation can be estimated on the basis of a look-up
table stored in the storage S1 of the serving access node
100-1. An example of a look-up table to be used in the case
of cooperative signal communication on the basis of soft bits
is shown in FIG. 10. An example of a look-up table to be
used in the case of cooperative signal communication on the
basis of hard bits is shown in FIG. 11. In these tables, the
increase in signal to interference plus noise ratio ASINR is
given depending on the receiver type at supporting access
node 100-2 and the path gain difference APG.

Similarly, the increase in received signal strength, or the
reduction of residual block error value could be estimated on
the basis of a look-up table stored in the memory of the
serving access node 100-1. Here, it is to be understood that
the performance of cooperation between access nodes
depends on the type of exchanged information, i.e. the type
of communicated cooperation signals. Therefore, it may be
advantageous to use a look-up table which is tailored for a
specific type of cooperation or to use different look-up tables
for different types of cooperation. This is exemplified by the
tables of FIGS. 10 and 11. In some embodiments, different
look-up tables may be provided for different supporting
access nodes.

The look-up table can be previously obtained by simula-
tions or measurements. Its entries may be the receiver
interference suppression algorithm at the supporting access
node BS 100-1 and the path gain difference APG. The
look-up table could also be updated during operation, e.g.
based on measurements.

For each supporting access node, e.g. the supporting
access node 100-2, the serving access node may select
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ASINR from the respective look-up table, which is then used
as second individual signal quality value for calculating the
combined signal quality value Q.

According to one option, this may be accomplished
according to:

SINR ¢, =SINR, +ASINR. 19)

For an arbitrary number M of supporting access nodes,
denoted by index i, with respective look-up tables for the
respective increase in signal to interference plus noise ratio
ASINR, this calculation may be generalized to:

SINR,;.=SINR |+5,_“ASINR,. (20)

This option is advantageous when the cooperative recep-
tion is based on communicating soft bits of the Rx signals
received at the supporting access nodes.

According to a further option, the combined signal quality
value Q for an arbitrary number M of supporting access
nodes may be calculated according to:

SINR,,;.=SINR 1 +Max,_» _ 1,(ASINR)) @1

This option is advantageous when the cooperative recep-
tion is based on communicating hard bits of the Rx signals
received at the supporting access nodes. It should be noted
that in the case of only one supporting access node, the latter
two options are equivalent and correspond to the calculation
according to Eq. 20.

FIG. 12 shows a flowchart for illustrating a method in
accordance with the concepts as explained above.

The method starts at step 510.

At step 520, the combined signal quality value is calcu-
lated. This may be accomplished on the basis of measured
individual signal quality values. Alternatively, only a signal
quality value of the communication link between the serving
access node and the terminal may be measured, and at least
one further individual signal quality value may be estimated,
e.g. on the basis of stored information.

At step 530, the transmission parameter, e.g. a modulation
scheme, a coding scheme, a transmit power, and/or a
resource allocation, is set or adapted on the basis of the
calculated combined signal quality value. The transmission
parameter may then be used for future cooperative signal
transmissions.

The method ends at step 530.

According to the concepts of the embodiments and
examples as explained above, cooperation-specific param-
eters are considered when adjusting the link adaptation
algorithms to the approach of cooperation chosen by the
serving BS. The concepts allow for efficiently exploiting the
potential of cooperative signal communication, which may
in turn be used to improve communication performance with
respect to a cell of a communication network or with respect
to a specific terminal.

It is to be understood that the above concepts, examples and
embodiments are merely illustrative and are susceptible to
various modifications. For example, in the above-described
methods and processes, steps or procedures may be executed
according to the order as described or in a different order.
Further, it is also possible to omit certain steps or procedures
without departing from the scope of the present disclosure.
Moreover, individual features of different examples or
embodiments may be combined with each other as appro-
priate. For example, aspects of open-loop transmission
parameter adaptation may be combined with the transmis-
sion parameter adaptation processes involving a measure-
ment of the signal quality value pertaining to the commu-
nication link between the supporting access node and the
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terminal. Further, aspects of open-loop transmission param-
eter adaptation may also be applied to DL cooperative signal
communication. Further, although the above examples refer
to situations in the adaptation process is implemented sub-
stantially in the serving access node, other embodiments
have the adaptation process implanted by a central node
communicating with the serving access node and the sup-
porting access node or may use a an adaptation process
which is distributed between different devices, e.g. the
serving access node, the supporting access node, and/or the
terminal. In addition, it is to be understood that procedures
or functions as described herein may be implemented by
dedicated hardware or by software comprising a program
code to be executed by a processor.

The invention claimed is:
1. A method of cooperative signal communication, com-
prising:

calculating a signal quality value (Q,,;.) based on a first
individual signal quality value (Q,) of a first commu-
nication link between a first access node and a mobile
terminal and based on a second individual signal qual-
ity value (QQ,) of a second communication link between
a second access node and the mobile terminal, wherein
the first and second communication links are different;
and

setting, based on the Q_,,., a transmission parameter for
cooperative communication of a signal between the
mobile terminal and the first and second access nodes;

wherein the Q, the Q,, and the Q_,,. each correspond to:
a signal to interference plus noise ratio (SINR) value,
a received signal strength (RSS) value, or
a channel frequency response function; and

wherein said calculating comprises calculating the Q
according to:

calc?

Qeat=Max(Qy, 0>) or

Ceate=01+0>-

2. The method according to claim 1, wherein the trans-
mission parameter comprises at least one of a modulation
scheme and a coding scheme.

3. The method according to claim 1, wherein the trans-
mission parameter comprises a transmission power.

4. The method according to claim 1, wherein the trans-
mission parameter comprises a resource allocation.

5. The method according to claim 1, wherein the method
is performed by the first access node and further comprises
receiving at least one of the Q, and the Q, from either the
second access node or the mobile terminal.

6. The method according to claim 1, wherein the method
is performed by the first access node and further comprises
estimating the Q, based on at least one cooperation-specific
parameter available to the first access node.

7. The method according to claim 6, wherein the at least
one cooperation-specific parameter is at least one of:

a difference between a path gain of the first communica-
tion link and a path gain of the second communication
link,

a transmit power of the mobile terminal,

a transmit power of the first access node,

a transmit power of the second access node,

a number of cooperating access nodes for the mobile
terminal,

a type of cooperative signal communication, or

a type of receiver algorithm used at the first access node,
the second access node, or the mobile terminal.
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8. The method according to claim 1, wherein the Q,, the
Q,, and the Q each correspond to a received signal
strength value.

9. The method according to claim 8, wherein said calcu-
lating comprises calculating the Q,,;., denoted by RSS_,,.,
from the Q,, denoted by RSS,, and the Q,, denoted by RSS,,
according to:

cale

RSS, ., =Max(RSS|,RSS,).

10. The method according to claim 8, wherein said
calculating comprises calculating the Q... denoted by
RSS_,;., from the Q,, denoted by RSS,, and the Q,, denoted
by RSS,, according to:

RSS,,..=RSS+RSS,.

11. The method according to claim 1, wherein the Q,, the
Q,, and the Q_,,.. each correspond to a signal to interference
plus noise ratio value.

12. The method according to claim 11, wherein said
calculating comprises calculating the Q... denoted by
SINR_,,., from the Q,, denoted by SINR,, and the Q,,
denoted by SINR,, according to:

SINR, ;. =Max(SINR |, SINR>).

13. The method according to claim 11, wherein said
calculating comprises calculating the Q... denoted by
SINR_,,., from the Q,, denoted by SINR,, and the Q,,
denoted by SINR,, according to:

SINR,;.=SINR +SINR,.

14. The method according to claim 1, wherein the Q,, the
Q,, and the Q.. correspond to a channel frequency
response function.

15. The method according to claim 14, wherein said
calculating comprises calculating the Q__, ., denoted by h_,_.,

from the Q,, denoted by h;, and the Q,, denoted by h,,
according to:

hear=Max(hy,hs).

16. The method according to claim 14, wherein said
calculating comprises calculating the Q__, ., denoted by h_,_.,

from the Q,, denoted by h;, and the Q,, denoted by h,,
according to:

heate=hyths.

17. The method of claim 1, wherein said setting comprises
setting a transmission parameter that governs transmission
of the signal by the mobile terminal to the first and second
access nodes or transmission of the signal by the first and
second access nodes to the mobile terminal.

18. A device comprising one or more interfaces, a pro-
cessor, and a memory, the memory containing instructions
executable by the processor whereby the device is config-
ured to:

calculate a signal quality value (Q,,;.) based on a first

individual signal quality value (Q,) of a first commu-
nication link between a first access node and a mobile
terminal and based on a second individual signal qual-
ity value (Q,) of a second communication link between
a second access node and the mobile terminal, wherein
the first and second communication links are different;
and

set, based on the Q_,. a transmission parameter for

cooperative communication of a signal between the
mobile terminal and the first and second access nodes;
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wherein the Q, the Q,, and the Q_,,. each correspond to:
a signal to interference plus noise ratio (SINR) value,
a received signal strength (RSS) value, or
a channel frequency response function; and

wherein the device is configured to calculate the Q_,,,,
according to:

Qeat=Max(Qy, 0>) or

Ceate=01+0>-

19. The device according to claim 18, wherein the device
is configured to operate as the first access node.

20. The device according to claim 18, wherein the trans-
mission parameter comprises at least one of a modulation
scheme and a coding scheme.

21. The device according to claim 18, wherein the trans-
mission parameter comprises a transmission power.

22. The device according to claim 18, wherein the trans-
mission parameter comprises a resource allocation.

23. The device according to claim 18, wherein the
memory contains instructions executable by the processor
whereby the device is configured to receive, via the one or
more interfaces, at least one of the Q, and the Q, from either
the second access node or the mobile terminal.

24. The device according to claim 18, wherein the
memory contains instructions executable by the processor
whereby the device is further configured to estimate the Q,
based on at least one cooperation-specific parameter avail-
able to the first access node.

25. The device according to claim 18, wherein the at least
one cooperation-specific parameter is at least one of:

a difference between a path gain of the first communica-
tion link and a path gain of the second communication
link,

a transmit power of the mobile terminal,

a transmit power of the first access node,

a transmit power of the second access node,

a number of cooperating access nodes for the mobile
terminal,

a type of cooperative signal communication, or

a type of receiver algorithm used at the first access node,
the second access node, or the mobile terminal.

26. The device according to claim 18, wherein the Q,, the
Q,, and the Q_,;,. each correspond to a received signal
strength value.

27. The device according to claim 26, wherein the pro-
cessor is configured to calculate the Q... denoted by
RSS_,;., from the Q,, denoted by RSS,, and the Q,, denoted
by RSS,, according to:

RSS, ., =Max(RSS|,RSS,).

28. The device according to claim 26, wherein the pro-
cessor is configured to calculate the Q... denoted by
RSS_,;., from the Q,, denoted by RSS,, and the Q,, denoted
by RSS,, according to:

RSS,,..=RSS | +RSS,.

29. The device according to claim 18, wherein the Q,, the
Q,, and the Q_,,.. each correspond to a signal to interference
plus noise ratio value.

30. The device according to claim 29, wherein the pro-
cessor is configured to calculate the Q... denoted by
SINR_,,., from the Q,, denoted by SINR,, and the Q,,
denoted by SINR,, according to:

SINR, ;. =Max(SINR |, SINR>).

31. The device according to claim 29, wherein the pro-
cessor is configured to calculate the Q... denoted by
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SINR_,;., from the Q,, denoted by SINR,, and the Q,,
denoted by SINR,, according to:

SINR,;.=SINR +SINR,.

32. The device according to claim 18, wherein the Q, the
Q,, and the Q_,. correspond to a channel frequency
response function.

33. The device according to claim 21, wherein the pro-
cessor is configured to calculate the Q,,;., denoted by h_,,,..,

from the Q,, denoted by h;, and the Q,, denoted by h,,
according to:

h g =Max(h,hy).

cale

34. The device according to claim 32, wherein the pro-
cessor is configured to calculate the Q_,; ., denoted by h_,_,

from the Q,, denoted by h;, and the Q,, denoted by h,,
according to:

heate=hyths.

35. A network system, comprising:

a first access node comprising a wireless interface con-
figured to communicate with a mobile terminal on a
first communication link; and

a second access node comprising a wireless interface
configured to communicate with the mobile terminal on
a second communication link,

wherein the first access node further comprises a proces-
sor and a memory, the memory containing instructions
executable by the processor whereby the first access
node is configured to calculate a signal quality value
(Q..z.) based on a first individual signal quality value
(Q,) of the first communication link and based on a
second individual signal quality value (Q,) of the
second communication link, and to set, based on the
Q...» @ transmission parameter for cooperative com-
munication of a signal between the mobile terminal and
the first and second access nodes;
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wherein the Q,, and Q,, the Q_,;. each correspond to:
a signal to interference plus noise ratio (SINR) value,
a received signal strength (RSS) value or
a channel frequency response function; and

wherein the first access node is configured to calculate the
Q.. according to:

Qeat=Max(Qy, 0>) or

Ceate=01+0>-

36. A computer program product stored on a non-transi-
tory computer-readable medium and comprising computer
program code that, when executed by a processor of a
network device, cause the network device to:
calculate a signal quality value (Q,,;,.) based on a first
individual signal quality value (Q,) of a first commu-
nication link between a first access node and a mobile
terminal and based on a second individual signal qual-
ity value (QQ,) of a second communication link between
a second access node and the mobile terminal; and

set, based on the (Q,,,.) calculated signal quality value, a
transmission parameter for cooperative communication
of a signal between the mobile terminal and the first and
second access nodes;
wherein the Q,, the Q,, and the Q_,,_ each correspond to:
a signal to interference plus noise ratio (SINR) value,
a received signal strength (RSS) value, or
a channel frequency response function; and

wherein the network device is caused to calculate the
Q. according to:

Qeat=Max(Qy, 0>) or

Ceate=01+0>-



